The mechanism of atrial flutter induced by the local application of aconitine or by the Rosenblueth-Garcia Ramos method was studied in dogs. The results were analyzed from a pharmacologic and electrocardiographic point of view. It was concluded that aconitine-induced flutter is due to a single, rapidly firing ectopic focus and electrically-induced flutter to a circus movement. Although they can be differentiated electrocardiographically by means of direct cardiac leads, they cannot be differentiated by esophageal or limb leads.
The mechanism of atrial flutter induced by the local application of aconitine or by the Rosenblueth-Garcia Ramos method was studied in dogs. The results were analyzed from a pharmacologic and electrocardiographic point of view. It was concluded that aconitine-induced flutter is due to a single, rapidly firing ectopic focus and electrically-induced flutter to a circus movement. Although they can be differentiated electrocardiographically by means of direct cardiac leads, they cannot be differentiated by esophageal or limb leads.
ALTHOUGH the mechanism of atrial / % flutter has been the subject of exten--*--^-sive study, much disagreement still exists as to its true nature. Work done in recent years, though clarifying many obscure points, has not yielded a generally accepted explanation.
The purpose of this report is to describe the results of our experimental investigation of flutter produced by drugs and by electrical stimulation and to suggest certain therapeutic applications. METHODS 26 mongrel dogs whose weight averaged 15 kg. were used. The animals were anesthetized by intravenous injection of 25 mg/Kg. sodium pentobarbital; respiration was maintained with a mechanical respirator; and the heart was exposed through a right thoracotomy.
The electrical activity of the atria was recorded on a three-channel direct-writing oscillograph through various combinations of direct, semi-direct and limb leads. For unipolar leads, Wilson's central terminal was used. Nonpolarizable electrodes of silver-silver chloride wrapped with cotton soaked in saline were employed whenever necessary. The paper was run at speeds of 25, 50 and 100 mm. per second.
In order to obtain clearer tracings of the P waves and avoid the interference of ventricular activity, A-V block was produced by clamping the bundle of His through an incision in the right appendage.
Atrial flutter was induced by two methods: 1. The local application of aconitine; the drug was either applied topically with a cotton swab (aconitine nitrate 1 per cent, or 0.05 ml. of a 0.05 percent solution was injected into the atrial wall. 2. The method of Rosenblueth and Garcia Ramos; this From the Cardio-Pulmonury Laboratory, National Jewish Hospital, Donver, Colo.
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consists in creating an artificial obstacle by crushing with a clamp the area between both venae cavae; electrical stimulation is then applied using a square wave source, with an average of two volts and a frequency of 15 to GO cycles per second.
RESULTS

Production of flutter.
Flutter could easily be induced by aconitine. Once induced, it was impossible to interrupt by electrical stimulation; the highest potential used was 8 volts and the maximal frequency 300 cycles per second. In all cases it ceased spontaneously when the effect of the drug wore off, usually within three hours.
With the Rosenblueth and Garcia Ramos method, atrial flutter, in almost all cases, was induced and interrupted at will with great ease. In a certain number of cases it persisted for a M'eek or more. In four dogs, after the atrium had been crushed, the thorax was closed. Two were left with an atrial flutter and two without, for a period that varied from 2 to 7 days. An electrode which had been threaded through a no. 6 Cournand catheter was then introduced into a peripheral vein and advanced until it reached the right atrium, proper placement being controlled fluoroscopically. Stimulation of the heart with the electrode so placed produced the same results as direct cardiac stimulation with an open thorax and proved to be just as harmless, provided the tip did not come in contact with the ventricular wall.
Effect of acetylcholine. In electrically-induced flutter, acetylcholine injected intravenously (0.01-0.02 Gm.) did not interrupt the atrial flutter but stopped ventricular activity tem- porarily. Aconitine-induced flutter stopped for a short time, after which in some instances the flutter was re-initiated and in others it was followed by atrial fibrillation.
Direct cardiac leads. In a number of dogs, three direct cardiac unipolar leads were recorded simultaneously. One of the electrodes was placed on the superior part of the left atrium, another was placed symmetrically with the first on the right atrium, and the third, a very short distance (an average of 5 mm.) above the latter ( fig. 1 ).
If a single focus were to fire equidistant from the symmetrically placed electrodes (EASj-LAS), these should record the impulse simultaneously, and the RASi electrode a little later ( fig. 1A) . Whereas, if an impulse were to circulate around both venae cavae in only one direction, there should be a time interval between the arrival of the impulse at the different electrodes ( fig. 15 ). Moreover, reversal of direction of the wave could occur ( fig. 1C ). In that case, if RASi were used as a fixed reference point, the time interval between the electrodes placed close together should in one instance be short, and in the other, longer. In the former instance the wave circulated in a counterclockwise direction, and in the latter in a clockwise direction, the observer facing the anterior aspect of the heart.
Aconitine was applied to the caudad part of the groove which separates the atria. It was found that the excitation arrived simultaneously, within experimental error, at the electrodes situated symmetrically on the superior part of the left and right atria and about 0.02 seconds later at the electrode which was placed highest on the right atrium ( fig. 2A) .
After the effect of the aconitine had worn off and the arrhythmia had stopped, atrial flutter was produced in the same heart by Rosenblueth's method. In each animal, flutter was initiated and interrupted many times in succession. In no instance did the excitation wave reach any two electrodes simultaneously. With the RASi electrode as a reference point, in some experiments the time interval between both right atrial electrodes was short and the depolarization process arrived at the inferior one before it did at the left atrial electrode, whereas in immediately subsequent experiments on the same animal, the RASi-RAS 2 interval was longer and the left atrial region was stimulated before RAS2 ( fig. 2B and C). This was interpreted as indicating the existence of a unidirectional wave of excitation whose direction could be reversed by subsequent stimulation, in the former case following ft counterclockwise direction and in the latter case a clockwise direction.
Limb leads with direct cardiac leads. In a nutter produced by the Rosenblueth-Garcia Ramos procedure, two direct unipolar cardiac leads placed close together on the superior part of the right atrium, were recorded simultaneously with a limb lead, generally Lead II or aVF. By noting at which of the direct cardiac leads the impulse was first recorded, the direction of the wave of excitation could be determined. Atrial flutter was then initiated and interrupted several times in each dog. When the impulse followed a clockwise direction, the main deflections of Lead II, III or aVF were upwards ( fig. 3A and B) , whereas, if the rotation of the wave was counterclockwise the main deflections were downwards ( fig. 3C and D) . There were no exceptions to this observation.
In the experiments performed with aconitine-induced flutter, the electrocardiographic results obtained from limb leads were essentially the same as those described by Prinz-metal, Corday, Brill, Oblath, and Kruger. 1 When the aconitine was applied to the superior part of the atria, the atrial waves in Leads II and aVF were positive. When the aconitine was put on the inferior part of the atria, the main deflections in Leads II and aVF were negative.
Esophageal leads. Limb leads were recorded simultaneously with the esophageal leads. The electrode was placed at different levels and its position was verified in all cases either by palpation or by fluoroscopy.
When the Rosenblueth and Garcia Ramos procedure was used and the circus movement was counterclockwise, an esophageal electrode placed at the upper level of the atrium recorded a positive wave, and the one at the lower ventricular level recorded a negative wave. When the circus movement reversed its direction (becoming clockwise), the esophageal tracing became negative at the atrial level and positive at the ventricular ( fig. 4 ).
When aeon iti ne was applied to the superior part of the atria, the esophageal leads showed a negative wave at the high atrial level and a positive wave at the ventricular level ( fig. 5) . The records were identical with those obtained when the circus movement was clockwise in the Rosenblueth and Garcia Ramos preparation. When aconitine was placed on the inferior part of the atria, the main deflections of the esophageal leads were positive at the atrial level and negative at the ventricular one ( fig. 5 ). Again, the records were identical with those obtained by the Rosenblueth and Garcia Ramos method when the circus movement was counterclockwise. DISCUSSION We have been able to confirm many of the aspects of the work both of Scherf 2 and Prinzmetal, 1 and of Rosenblueth and Garcia Ramos, 8 and feel that the evidence quite conclusively indicates the presence in exjjerimental animals of two types of flutter. The different methods of production, their different behaviour and the data obtained by direct cardiac leads, all point to this conclusion. Brown and Acheson, 4 using a different approach, obtained comparable results. Our work taken in conjunction with that of the latter investigatoi's leaves no doubt that the flutter produced by the Rosenblueth and Garcia Ramos method is due to a circus movement. A limited number of indirect observations on human beings suffering from atrial flutter have suggested a similar mechanism. 6 - 7 Prinzmetal and coworkers, proceeding from the justified conclusion that aconitine-induced atrial flutter in dogs consists of rapidly recurring impulses arising from an ectopic focus, present the following evidence for a similar mechanism-and against a circus movementin spontaneous flutter in man:
1. The location of the aconitine focus determines the form of the atrial wave in the esophageal and limb leads. If aconitine is placed at the caudal end of the atrium, the deflections in the esophageal electrodes from a low level are negative; from a midlevel, biphasic; and from a high level, purely positive. The P' waves in Lead III are directed downward. This would be the expected finding if a simple wave starting at the caudal end of the atrium travels up to the cephalic end where it stops. In what they label the "common type of flutter" in man, exactly similar esophageal curves are obtained, and the P' waves are downwards in Leads II, III and aVF In the "uncommon type" of flutter in man, the P' waves in the limb leads are reversed and the esophageal leads show an excitation from above downward.
2. The time required for the impulse to travel from the caudal to the cephalic end of the atria, as determined by the "intrinsic" deflections in the esophageal leads, is much less than half of the P'-P' interval. The P'-P' interval should be the time which the circus movement takes for one complete circuit. Therefore one must assume that the excitation wave travels slower in one direction than in the other.
3. The form of the direct leads from the atrium and the semidirect leads from the esophagus are not consistent with a circus movement.
We can confirm Prinzmetal's results on the esophageal and limb leads in aconitine flutter. However, we obtained exactly similar esophageal and limb curves in flutters produced by the Rosenblueth and Garcia Ramos method. Since we know that the latter flutter represents a circus movement, we are forced to the conclusion that evidence based on the form of esophageal and limb leads cannot be accepted as indicating that spontaneous flutter in man is similar to aconitine flutter.
Several factors may play a part in explaining the similar esophageal and limb curves:
1. The atrial potentials recorded in the esophageal and limb leads are primarily left atrial. Therefore, when the circus movement is clockwise, and the left atrium is stimulated from a cephalic to a caudad direction, the limb and esophageal leads record upward deflections. The opposite is true when the movement is counterclockwise. This concept receives important confirmation from the work of Hecht and Woodbury 8 who have shown that in man the esophageal leads record left atrial potentials and not right atrial.
2. As a corollary to the above, it may be assumed that the potentials produced by the right atrium are not recorded in the esophageal and limb leads-at least in dogs. This may be due either to a balancing out of potentials produced in the right atrium or to a resultant potential so directed that it is not recorded in the planes of the esophageal or limb leads.
3. Esophageal leads are only semidirect leads and possibly often poor semidirect leads and conclusions based on their "intrinsic" deflections may be erroneous.
4. The portion of the atria whose potential is recorded by esophageal leads need not represent half of the pathway of the circus movement. The atria are in no sense a simple strip of muscle; actually they form a sphere with several openings and marked irregularities (e.g. appendages).
5. The interatrial septum may play an important part in the recorded potentials and may add its potential to that of the left atrium.
The problem of the form of the direct leads is not a simple one. With a continuous wave one would expect the direct leads to all show a positive wave followed by a negative wave, but in our hands the form of the direct leads showed such variation that we would hesitate to draw any positive conclusions. The importance of the repolarization wave in influencing the form of the wave has also recently been stressed by Grosgurin. 9 The different effect of vagal stimulation on paroxysmal auricular tachycardia and atrial flutter has been stressed by some worker. Others have attributed this to a difference in rate. In our experiments with the two types of flutter, a different effect was evident with acetylcholine when the rates were approximately similar. The aconitine flutter behaved as does paroxysmal atrial tachycardia in men, whereas the electrically induced flutter behaved as does human atrial flutter.
It is evident that esophageal, bipolar, and unipolar limb leads did not differentiate in dogs between electrically induced circus movement and radially propagated impulses from an ectopic focus; therefore results obtained with these leads in human subjects, are consistent with both theories and cannot be considered proof of one theory as against the other. Further work with direct cardiac leads on patients should be undertaken to provide a definite solution.
Electrical stimulation, at fairly uniform potentials of 2 volts and a frequency of 30 to 60 cycles per second, has been harmless and effective in stopping the circus movement type of flutter in dogs. Therefore, electrical stimulation of the fluttering human heart seems worthy of trial. This could be done directly on the exposed atria during cardiac surgery, or through a cardiac catheter when conventional medical treatment has failed to give the desired results and prompt conversion is imperative.
SUMMAKY AND CONCLUSIONS
In 26 dogs, a comparative study of the mechanism of aconitine-induced flutter and electrically-induced flutter (Rosenblueth and Garcia Ramos) was performed. A surgically produced atrioventricular block was used in acute and chronic experiments to simplify the study of the electrocardiograms. From the response to physiologic procedures and from the consideration of the electrocardiographic tracings, it can be concluded that:
Aconitine-induced and electrically-induced (Rosenblueth and Garcia Ramos method) atrial flutter have entirely different mechanisms. The single ectopic focus theoiy is applicable to the former and the circus movement theory to the latter.
Electrocardiographic tracings recorded from csophageal and limb leads cannot distinguish between these types of flutter and so cannot be used to clarify the mechanisms underlying human atrial flutter.
The final answer to what actually occurs in human hearts must await further work with direct cardiac leads on patients.
Interruption of the circus movement type of flutter by electric stimulation, either directly on the exposed heart or with the closed thorax through a cardiac catheter, is a simple and harmless procedure in dogs; therefore, its therapeutic application in human subjects deserves further study. ACKNOWLEDGMENT AVe wish to express our appreciation to Mr. Baruch Bromberger-Barnea, E.E., whose technical assistance enabled us to take the simultaneous electrocardiographic records.
SuMMAKIO IN INTERLINGTJA
Esseva executate in 26 canes im studio comparative del mechanismo de flutter inducite per aconitina e de flutter a induction electric (Rosenblueth e Garcia Ramos). Un bloco atrio-ventricular de production chirurgic esseva usate in experimentos chronic e acute pro simplificar le studio del electrocardiogramma. Ab le responsas evocate per le procedimentos physiologic e ab considerationes del registrationes electrocardiographic, le sequente conclusiones esseva derivate.
Lc mechanismos de flutter atrial inducite per aconitina e de illo a induction electric (Rosenblueth e Garcia Ramos) es integremente differente. Le theoria del unic foco ectopic es applicabile al flutter aconitinic, e le theoria del motion circular es applicabile al flutter eleectric.
Registrationes electrocardiographic ab derivationes esophagee e extremitatal es incapace a distinguer iste duo typos de flutter. Ergo illos non es usabile pro clarificar le mechanismos de flutter atrial in humanos.
Le explication definitive de lo que occurre vermente in cordes human debe attender recercas additional con directe derivationes cardiac in patientes.
Le interruption de iste arrhythmia per stimulation electric (tanto directemente con le corde chirurgicamente exponite como etiam per medio del catheter cardiac con le thorace intacte) es un simple c innocue processo in canes. Per consequente, su application therapeutic in subjectos human merita studios additional.
